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(54) Title: ABSORBENT STRUCTURE WITH FLUID-IMPERMEABLE PATCH 
(57) Abstract 

TOs invention relate* to an absorbent structure, preferably containing supcrateorbent polymer In ^^^^^ '"J^f £ 
tft ™±£ ^ffi^mwJIy located fluid^penneible patch which redirects an insulting fluid around rt in a majnerto increase ftc 
to a ^^^ f L^^nfS^rure. Tnc^crtS structure of thin invention is suitable for use in various absorbent articles and 

of aqueous fluid by absortenl sinicturcs in iwl time. 
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ABSORBENT STRUCTURE WITH FIU!D-!MPERMEA9LE PATCH 
This invention re»ate$toan absorbent structure, preferably containing 
.perabsorbentpoiyrner.^ 
cemra. insult s^^^^^ 
5 containmenteffic.encyof the structure. The invention also re.ate, to ^^^T 

of aaueous fluid by an absorbent structure in real time. 

Absorbent structures are used in absorbent devicesf or personal use. such as 
diapers, san,taryna P Wins, incontinent devices and garments, training P«- ,B *£ 
10 IpTca ions, such assurgica. or medicinal absorbent pads or drapes, bed padsand cable 

increasestheabsorbingpowerofthestructure. structure is used 

However, depending upon the device or garment ,n wh.ch the structure used 

Li« d insu,tvvhereinth.insu.tingfluidimpingesuponarelative.ysma..areaofhe 

ICblstructureatare^ 
"r^ 

J^oninthefie.dofabsorbenturucturedes.gnisthe rapid ^-^^ 
20 Idistributionofthe^^ 

of the superabsorbent poiymer within the absorbent structure, and the prob^so W 
!. „■ a „H. aC kofwickingofthepolymeritself. ThepatentdiKlosesanabsorbentart.de 

side failures. 
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The prior art has recognizee t> « u „u ah «>rbencv and various 

^i-t* insult site to structural areas of h.gh absoroency, 

0 zrr^"^--- -— — — 

25 fluid distribution within the structure, especially rap 

offluldflow. mbodimenUheinven tionrelatestoanabSorbentstructurecom P risin g : 

,„ one dimensions of length, width and thickness, the 

(A) anabsorbentlayerhavmgo nn „ SurtatewU n dimensions of length 

30 th eratioofwidthtothicknessi S from1toS00;and 

- ====== 

from 2 to 90 percent of the area of the upper 

comprising: 
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(A, an absorbent layer having dimension, of length, width and. thickness, the 
absorbent layer having at .east an upper su rf ace with dimensions of length 
and width, wherein the ratio of length to thickness is from 1 to 1000 and 
the ratio of width to thickness is from 1 to 500; 

(8) a fluid-permeable layer adjacent to the upper surface of the absorbent 

layer; and 

lO a fluid-impermeable patch centrally located on a part of at least one 

surface of the fluid-permeaWe layer, the area of the patch being from 2 to 
90 percent of the area of the upper surface of theabsorbentlayer. 

The absorbent structure of this invention i, suitable for use In various absorbent 

^entdev^ 

laureofthisinvernion.theabsorbentnructureshou.dbeposirioned.nthedev.ceor 

tneanticipatedsourceofthefluidinsultforwhichthedeviceorgarmem,sdes.gned 

,« another emb odiment this invert reiatesto a method for determ.n.ng the 
nation of aoueousf.uidwithinan absorbent structure with the use of magnetic resonance 
20 imaging comp^»no^thett^p»^*5^^^^^ res enance imaging scan on the absorbent structure; 

(8) collecting and storing data from the magnetic resonance imag.ng scan; 
(O visually displaying the data. 

Magnetic resonance imaging (MR.) is used in the analytical method of th« 

25 mventiontostudythe.oca^^ 
" dimension., space wHhoutme^^ 

upon an absorbent structure can be observed sequenfally. 

FIG. 1 isaschematicoftheexperlmental layout. 

M. 2 is a view showing the scanning protocols used for MR. scanning of 

absorbent structures. 

FIG. 3A is a contour plot of a coronal scan. 
fig 3B is a surface plot B of a coronal scan* 

srjivu^^-^^— ^^^^^ 

35 fMd ' HG-SAisascreenimagefromanMRlscanofatransversesliceofanabsorbent 
PIG. SB is a surface plot corresponding to F'G 5A 



structure. 
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F10 .7Bi.a»» ti «.p.o, ) orlh.«c.nd».c t «i«n U i< l i™l«»»-''»">«" 



5 

fluid insult 



10 

structure 



S, "' C "" e ' „ 09 AI,,^^ofcom.,M in «..^.« l ».i.-. i « U r, t ^u.na r , 





byMRI " *,^«„r lines of various relative moisture contents in an 

fig «C is a side view of contour lines oTvariou>i^.<. 
20 FIG.8C.sas b , Mten after a third fluid insult as measured by 

absorbent structure without a flu.d-,mpermeabte paten 

HG.SD.sasideviewofcontouriinesofvarious^ativemoistureconten.inan 

pk,. « d . nsu|t as measur ed by 

absorbent structure with a fluid-impermeable patch after seco 

MRI ' , • contour lines of various relative moisture contents in an 

FIG $F is a wde view of contour lines oT»«r 
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Alternatives, the absorbent layar may be composed primarily of or consist 

essenti.yof^^ 
^neormoreaitemativefom^^^^^ 

° ra$h€et " .nacomblnationoff.uffw.thsuperabsorbentpoWmer.theflufffunctionsto 

To provide rapid initial absorption of «uid insults with subsequent transpoa of the .u^ot 
"ZbsorbLpo.ymer. Thesuperabsorbent polymer -vbe.nthaformof a powdery 

10 primarilyofsuperabsorbentpolymerinvario^ 

Desirably,the absorbent iayer of an absorbent structure centals at .east O^g 

" Zbsorbentpolymer. ^.•^•^^^^1^^ 
JL desirablytheabsorbentlayerof an absorbent structure conta.nslessthan kg, 

PO,ymCr ' Thef.uffusedmaybeab.endof^^ 

pZ^^ 

Zmpolnt fiber, M ^f.ed ce.lu.ose fibers indude those produced to have h^ 

Alternative*^^ 
25 ww u^u«^»< other durable forms include an 

35 iwmi 5 .a».o™ «•'•«* 5 ' M, ' 0W: ""-' 36; " ' 

«»« 5 ' ,W ' S " "l 3 «L (M „ It „,« U «..«Hi Sln ,om i on«. n ,.-, 

The overall dimensions of the absorbent siru«u 
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^ucture is intended. Usually, the absent layer ha* basically the same length and width as 
the overall absorbent *ructure. m alternative embodiments, th. absent layer may have an 

uppersurfaceareawnlchisf^^ , 
When incorporated into some common absorbent devices, such as. for example, 

, disposable diapers, incontinent devices or garments and training pants, the length of the 

eosorbemlayerdesirably^^ 

preferably <rom20cm to 50<m. The width desirably isfrom2cm to 30cm, pref.r.b.y from 4 
cmto20.andmore P referablyfrom7cmto^^ 

desirably is from 0.1 cm to 5 cm. preferably from.lBcm to 2.5cm.and more preferably from 0.2 
10 cm to 1 .2 cm. ^ ^ . $ permeab|a t0 insultin g flll » liquids, primarily 

materials. Among the more challenging fluid insults are those of biological origin such as. for 
example, unne and blood. Preferred materials forthe fluid-permeable .ayer include, for 
15 example, ainaid or meitblown synthetic fibers, which may be bonded or partially bonded 
thermal.yor.forexample.with.atexadhes.ve. Synthetic polymeric materials for use ,n the 

Usually, the fluid-permeab.e layer has basically the same length and width as the 
overall absorbent structure, or at least the same .ength and width as the overaH absorbent 
20 inaHernativeemb^^ 

The fluid-impermeable patch desirably is in the form of a f.lm. and may be 
produced from any of the aforemantioned synthetic and natural material, In a preferred 
embodiment the patch is a thermoplastic film produced from a thermoplastic resm. 
* , x rtrmft f at iahtlv woven cloth produced from natural or 

« Alternatively, the patch may be m the form of a tightly woven c P 

wntheticfibersincludingsyntheticpolymerfibers. The film or cloth should be fluid- 

and should substantially block the passage of fluid liquid insults. 

Theareaofthef.uid.impermeab.epatchlslessthanthesurfaceareaofthef.u.d. 

30 permeable .ayer. if present, and the underlying uppsr surfac* of the absorbent layer. 

Durably the area of the f.uid-impermeable patch is from 2 to 90 percent of the area of the 

form 10 to SO percent and still more preferably from 20 to «0 percent- 

Whenincorporated.ntosomecommonabso f bentdevices.such a ,forexamp-e 

preVerablyfrom 10cmto<0cm. The width desirably is from 1 cm to 25 cm. preferably from 
I to 18, andmore preferably fromacmtoUcm. Thethicxnessofthe«u,d-,mpermeab.e 

-&- 
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patch desirably is from 1 pmto 300 um, preferably from S pm to 200 um, and more preferably 

from 10 pm to 75 pm. 

In an embodiment wherein the upper surface of the absorbent layer is adjacent 
to, covered with or in contact with a fluid-permeable layer, the fluid-impermeable patch is 
5 present on at least one of the two surfaces of the fluid-permeable layer. It may be positioned 
on the surface next to the upper surface of the absorbent layer so that the patch is between the 
fluid-permeaWe layer and the upper surface of the absorbent layer. Or it may be positioned on 
the outer surface of the fluid-permeable layer, in which case the fluid-permeable layer is 
between the patch and the absorbent layer. 
1Q m an alternative embodiment the patch maybe produced on the target area of 

an absorbent structure by imprinting or embossing the target area of the existing structure 
with a plastic or resinous material to render it fluid-impermeabie. When produced in this way 
and used with a fluid-permeable layer, the fluid-impermeable aspect of the patch may be 
present on both surfaces of the fluid-permeable layer, as well as throughout it. Alternatively, if 
15 the structure contains no separately definable fluid-permeable layer, the imprinting or 
embossing may be done directly upon the absorbent layer. 

Generally, the dimensions of the fluid-permeable layer are the same as the overall 
absorbent structure. Often this is the layer which is i n contact with the wearer of a personal 
care device or garment within which the absorbent structure is incorporated. There is a wide 
20 range of suitable thicknesses for the fluid-permeable layer, depending upon the materials of 
construction and amount of compression within the device or garment. Generally, the 
thickness ofthe fluid-permeable layer will range from 0.2 mm to 10mm. 

While some insults may be of a gradual or semi-conti nuous nature, others which 
are particularly problematical are these resulting from a rapid physiological discharge of a fluid 
25 of biological origin, such as. for example, urination or the hemorrhaging of blood, in this 
context, fluid-impermeable is defined as absorbing or passing less than 5 percent of a fluid 
insult within 5 minutes ofthe onset of the insult. Assuming some motivating force, such as, for 
example, gravity, hydraulic pressureor hydrostatic pressure, greaterthan 95 percent of the 
fluid insult is diverted from the insult point on the fluid-impermeable patch and along the 
30 surface of the patch to its edge, where it is directed to the fluid-permeable layer for 
transmission to the absorbent layer. 

With a rapid insult of fluid on the fluid-impermeable patch, the effect of the 
patch is to spread the flow of the insulting stream overa larger area of the absorbent structure 
bydivertingittotheedgesofthepatch. Thus, soon after initial contact with the absorbent 
35 structure, a relatively large total area of the fluid-permeable layer and the absorbent layer are 
contacted with the insulting stream. Any given local areaof the absorbent layer of the 
structure is contacted by only part of the impinging stream, and, thus, is less likely tobe 
overwhelmed and saturated than if assaulted directly by the total .mult. Even if the .rs.lt on.y 
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partially impinge* upon thefiuid-impermeable patch, at least some of the insulting fluid is 
directed to en area of the fluid-permeable layer and the absorbent layer which otherwise 
would not be an initial point of contact. 

That part of the absorbent layer which is underthe patch is not wasted. Fluid 
5 which has been diverted by the patch to the edges thereof before coming in contact with the 
absorbent layer can spread outward toward the extremities of the absorbent structure, and it 
can also spread inward, under the patch. The overall efficiency of utiliiation of the absorbent 
layer and the materials therein is, thus, increased. 

The diversionary action of the fluid-impermeable patch, as described above, has 
, o the effect of increasing the total area of the fluid-permeable layer and the absorbent layer 
Subjectto initial contact with the insulting fluid in comparison to a structure with no patch. 
Depending upon the motivational force behind the insult this can be very rapid, as would be 
observed, for example, when saline solution is poured onto a solid surface of some solid 
material, such as the top of a table. With a larger percentage of the absorbent layer subject to 
15 initial insult, and a smaller percentage of the total insulting fluid impinging upon any given 
area of the absorbent layer, secondary problems in absorbent structures, such as gel blocking 
and the necessity of transport away from the insult site through, for example, wicxing, are 
considerably reduced. The result is a more efficient use of the absorbent materials in the 
absorbent layer. 

20 m view of the above described aspects of the absorbent structu re of this 

invention, for use in various absorbent devices and garments, the absorbent structure should 
be positioned therein so that the fluid-impermeable patch is between the anticipated source of 
the insult and the absorbent layer of the structure. In addition to varying the general location 
of the absorbent structure within the device or garment as needed, the site and shape of the 

2S fluid-impermeable patch can be varied, as well as the percentage of the area of the upper 
surface of the absorbent layer which is shielded by the patch. Any suitable shape for the patch 
may be used, such as. for example, square, rectangular, triangular, round or oval, or a more 
complex shape comprised of various parts of, or combinations of, the basic shapes. This aspect 
of the absorbent structure may be varied as needed and as appropriate for the device or 

30 garment in which the absorbent structure is used. 

When the absorbent structure of this invention is used in an absorbent device or 
garment, the device or garment may include various other layers or other structural elements in 
combination with the absorbent structure, such as. for example, those disclosed in U.S. Patents 
Nos. 5,261.899; 5,258,221; 5.171.236; 5,234.422: 5.098,422; 5,135.522; 4.904,249; 4.834.739; 

35 4,944,735; 5,180.622; 5.264,082; 5,149,335: 5.149.334; 5.124,188 and 5.260,345; 5,268.224; 
5,200.248; 5,190.563 and 5,061.259. 
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MR> of Absorbent Structures 

Nuclear magnetic resonance (NMR) spectroscopy is an analytical technique that 
allows one to obtain a characteristic spectrum of complex components in mixtures. The signal 
one sees in NMR is proportional to the number of particular atoms in the sample. The most 

5 common atom to observe in NMR is hydrogen. 

The extension of NMR to medicine is the technique of magnetic resonance 
imaging (MR!), A typical MR1 instrument uses nuclear magnetic resonance to see the hydrogens 
on water, the most prevalent chemical in the body. With MR! one can obtain a three 
dimensional map of water in the body. Instruments in use today use "computer aided 

^0 tomography" (CAT) to view a slice of thebody inany of the three orthogonal planes. This 
concept, based on constructing a real time image of a planar slice focused in the third 
dimension, remains the same when adapted to the study of absorbent structures. We have 
used this technique to look at a flowing saline solution in a fiber matrix of an absorbent 
structure, 

! 5 This work was done using a Siemens MAGNETOM™ SP/4000 magnetic resonance 

imager operating at 1 tesla of magnetic flux density and a frequency of 42 MHi to detect 
protons. The instrument was operated by Regional Imaging Center located In Auburn, 
Michigan. Various slices of the sample were scanned; the output was a map of signal 
intensities from the volume elements in the plane of the scan. A monochrome image of the 

20 scanned section was visible on a screen to guide experimental efforts. 

The resolution of the signal, that is, the dimensions of the volume element, can be 
modulated by the settings of the instrument. The time required to collect a signal from a 
particular location is one of these settings, and therefore one must compromise among the 
speed of data collection, the precision of the map of moisture content, which is related to pixel 

25 size, and the size of the region of interest These signal intensities can be related to the 
concentrations of water at these various locations by comparison with the signal from liquid 
water and the baseline signal from air. 

For studies of single or multiple insults by aqueous fluids to absorbent structures 
containing various structural elements, including superabsorbent polymers, any possible signal 

30 contribution from the structural elements of the absorbent structure itself can be corrected for 
or subtracted from the signal after insult. Usually these baseline contributions are very small or 
negligible. This versatility in handling the collected data can be used to study the effect of 
multiple insults on an absorbent structure, for example, after an absorbent structure has 
become relatively stable following one or more initial insults, a subsequent insult to the 

35 structure may be observed. The distribution of the additional moisture content from the 

subsequent insult along with any redistribution pf the moisture content due to the initial insult 
can be determined by subtracting the signal observed prior to the subsequent insult from the 
signal observed after the subsequent msuit. 

-9- 
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For each run in these experiment, 1 1 mm of 128 x 128 pixels end 32 files of 2S6 x 
256 pixels were stored, as well as numerous values specifying the condition, of the scans. Each 
pad eonfigurationgeneratedoveremegabytesof data- Following the generation and storage 
of this data, the method involves using means for data transfer, means for decod.ng. and 

c means for visualization and display. 

InofdertofixthespeclmensintheMRIunitaholdingdevicewasmachmedfrom 

cast polymethylmethacrylate, a transparent plastic. Plastic was necessary because most other 
materialswou.deitherabsorbradjationorbeaffectedbythemtensemagneticf.eld. By 

relying on gravity the maximum load thatcould be applied to the sample was the 1.8 kPa (0.25 
10 ^duetotheweightoftheso.idplasticblock.Thedimensionsofthecoillimitedthes.zeof 

the holding assembly, and denser so.id materials, such as metals, could not be used. H.gher 
loads can be applied to the absorbent structure by mechanical means, such as hydraul-c 

PreSSUfe ' FIG l isaschematicoftheaxperimenta.layout. The holding device is shown with 
1B theplasticblockUovertheabsorbentstructure 1 1 . also referred to herein as a pad. Theinsult 
totheabsorbentstruaureisimroduceothroughaflexibleplas^ctub^^ortheexpenment. 

a n absorbent structure was fitted into this holding device and the entire assemb.y was sex ,nto 
theheadcoil 14 of the MRI instrument. Tha head coil 14 is surrounded by the magnet 1 5. 

The specimen was aligned with two laser beams indicating the center of the 
20 magneticfm.d.Thefluidinsu.twasintroducedintothev.mplebyahand.operatedsynnge 
connectedbyaflexibleplastictubetotheverticaldeliverytubemachinedfromtheplastK 

operator were positioneda P proximately5meters(15ft) from the sample to avo.d the strong 
magneticfieldaround*»det.ctor. The long flexible plastic deliv^ tube which electee. 
25 the syringe to the sample was filled with fluid before the experiments were begun. The f.u,d 
used was 0.9 weight percent aqueous Nad solution. 

,n some pads (absorbent structures) a fluid-impermeabk patch was placed .n the 
middleofthetopsurfaceimmediatelyunderthetissuelayer. ,n other pads the patch wa 5 
omitted. Thepadwascoveredwithlinermaterialjustbeforetesting. The method of th.s 

uiiii»w r~ of structural elements, such 

30 inv e nt.on.asusedinthisstudy.isusefulmdeterm.nmgtheeffe<tofstructu 

aS ,forexarnple.thef.u^^^ 

the fluid insult upon the absorbent structure. 

The insult was monitored with one-second scans of tha center sect,on of the 
^p.e made at or^second intervals. The scanned sect.on was approximately i cmth,ck. FIG. 
35 rhLthef,rs,p.anescanned.whichistermedtha-uansverse»p.ane 2 2.Thu,a V ansverse 

35 iTascaninthetransversaplane. FIG. 2 shows the plastic block 12. the absorbent structure 
Hand thewettedregion21 of tha absorbent structure 11. the wetting due to themsult. 
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After ten scans at a tola! elapsed time from the time of the insult of 20 seconds, 
no further rapid change in the images was observable, A scan in the "coronal" plane 23, 
known as a coronaJ scan, was then done. FIG. 2 shows a view of a coronal plane 23 Wow the 
plane of the absorbent structure 1 1 for clarity of illustration. Of course, the actual coronal scan 
5 was performed in the coronal plane which contains the absorbent structure 11. 

For the coronal scan the thickness of the scanned planar region was Intentionally 
set to include the entire pad. This integrated signal intensity reflects the total relative moisture 
content through the thickness of the pad. 

The coronal scan was followed with 32 high resolution transverse scam 
10 "stepping" through the sample from back to front with slices of less than a centimeter in 

thickness. These are similar to the initial high speed transverse scans of the center slice, but the 
resolution in the two scanned dimensions is much better because the scan time is longer. 

The images observed on the screen during the experiments, which are maps of 
the Intensity obtained from each of the three scanning protocols, provide only gross 
15 information. Nevertheless, individual layers of fluff can be observed in high resolution scans 
with scan times of 16 seconds. The rapid scans of l second yield an image that is lower in 
contrast and more diffuse. 

While gross information can be gained from the screen images, precise 
quantification requires numerical values for the signal strengths at each location. The collected 
20 data for the signal strength at each location were transferred to a data file of a VAX'" 

computer (Trademark of Digital Equipment Corporation, DEO with the cooperation of both 
the Siemens Company and Digital Equipment Corporation. It was then possible to manipulate 
the signal values for each pixel for each scan of each run with computer programs for analysis 
and visualization of the data that allowed precise comparisons of moisture contents. 
25 FIG. 3A is a typical contour plot of the coronal image. The contours represent 

various relative moisture contents accumulated through the whole thickness at each position 
across the span after 24 mL of 0.9 weight percent saline solution has been introduced into the 
center. A different representation of the same data can be seen in a surface plot as shown in 
FIO. 3B. The data for FIG. 3A and FIG. 3B are the same, that is, the signal strength is summed 
30 over the whole thickness as a function of the two "flat" dimensions of the sample. 

integration of the relative moisture values over the whole extent of the pad 
should be the equivalent Of the25 mL of the insult. FIG. 4 shows a plot of the total signal from 
these coronal images after each insult for a particular series of experiments, one of which is 
shown with circles, the other with boxes. Deviations from zero intercept are due to 
35 inconsistent filling and draining of portions of the fluid delivery line. An improvement of the 
apparatus would include positive shutoff of flow after the insult to prevent this problem. 

FIG. SA shows a view of a typical monochrome image as it would be viewed on 
the screen of a high speed scan of a transverse slice showing fluid coming into the absorbent 
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structoren.herercpres.ntedbythedashedo.t.ine.fromthetop. The top of FIG. 

thissurfece. f !G. 5C is the profile of maxima of moisture content as viewed from 3 ^ 
, orientedasinreaKtywiththe^^^ 

^aceoftheabsorl***^^ 

taken at the initial moment of insult, the fluidifying down thedellvery tube and wett,ng 

^.duringthreefluidinsults. Keeping ^^^T^^^ 
ooerated syringe at a distance of 5 meter,, the seans at 0 and 2 seconds .nf.G.6A are bosxa.iy 

15 Lndscorrespondstothem^ 
giving attheuppersurfaceof^^ 
drivina pressure of the hand operated syringe stops. 

M, Indkation rfth. «l.tl«ly «>»»■« •< «•*«■» <">"■ «" * 
«| [k in= i ,,he. n .-P9'Mi.««««""««'"» ,ac """ ,, " >m '"" 0,0 ™' V " Wi ' lntlCi7A - FI °' 
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FIG. 8D, the same amount of fluid is distributed over a toroidally-shaped region approximately 
?.S cm (3 inches) in diameter with a 2.5 cm (one inch) diameter drier region in the middle. The 
average fluid concentration in the ring of wetness was only about 150 units with peaks around 
300 units, 

s The effects of two additional insults on each pad. upto a total of 75 mL in each, 

are shown in subsequent plots. FIG. 88 and FIG. 8C without the patch, and FIG. 8- and FIG. 8F 
with the patch. Even afterthree insults to the absorbent structures, which simulate diapers, the 
sample with the patch does not have such a well developed "plateau" of saturation at 
indicated for the control .This quantifies what a user of a diaper containing such an absorbent 

, o structure would experience as a drier, more comfortable feel. Using a deflector region allows 
utilization of more of the core, and, hence. Improves efficiency. 

Examination of the test samples showed the diaper pad without the patch to be 
wet on both its surfaces and the pad with the patch to have the fluid more uniformly 
distributed and much less wet on its surfaces. Both of these absorbent structures were 

, 5 constructed with a polypropylene nonwoven on the upper surface, which was insulted. An 
additional example utilizing no nonwoven material butwith the patch showed intermediate 
performance. 

The deflector patch led to more efficient distribution of the fluid over a larger 
portion of the pad. Modification of this configuration with respect to shape, relative size, 
20 placement, and permeability can be envisioned. 

This technique showed the surprising result of how little natural wicking occurred 
in these experiments. By directly observing the fluid in real time the question of whether the 
analysis technique affects the result, as would be the ease with cutting and weighing, can be 
eliminated. Of course wicking occurs under some conditions, such as higher loads which 
25 compress the pads to a greater extent creating smaller diameter capillaries with higher 
capillary pressures. 

Another major interest is what is the effect of superabsorbentsand further, the 
effect of differeneesinsuperabsorbents. Ascertaining the correlation of superabsorbent 
properties with fluid distribution has in the past been very difficult. This technique simplifies 
30 this correlation. 

This technique provides a map of water concentration in three dimensional space 

as a function of time. 

Examptgi of the Ab< nrb«.nt structure 

Absorbent structures consisting of composite pads prepared by standard 
35 techniques were used to simulate the central portion of a larger absorbent structure, such as 
that typically found in a diaper. Cellulose fluff was disintegrated with compressed air and 
layered onto tissue forming 35.6 x 35.6cm (14 x 14 inch) pads, which were then covered with 
tissue and then pressed to 1 .25 cm (1/2 inch) thickness. Four 15 x 15 cm (6 x 6 inch) samoles 

•13- 
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weighing 28to31 grams were cut from the larger pads and stored at 1.25 <m (1/2 inch) 

humidity, until used. 

i„ SO me pads a fluid-impermeable patch was placed in the middle of the tcp 
5 l urfaceimmediateiyundertheti» U e.3yerr.ghtBfterthecompre SS ion*tep.!notherp a d i the 

patch was omitted. . 

A pad was fitted into a holding device and the entire assembly was set -nto the 
head coil Of a Siemens MAGNETON SW4000 magnetic resonance imager (operating at 1 tesla. 
42 MHz proton), commoniy used for medical diagnosis, so that magnetic resonance imag.ng 
10 (MR ,)couldbeperformedon t heabsorbentstructure.Thisin«rumentailowsthe 

determination of the signa. strength at any location within the sample. This signal canbeused 
todetermlne the concentration of waterat these various locations by comparison w.th the 
si gna. from liquid water and the baseline signa. from air. The output from the instrument -s a 
map of the signal intensities from a set of volume elements distributed throughout the selected 
s tt tsofthethreedimensionsofthesamplepad. The resolution of the signal, that is, the 
dimensions of the volume element can be modulated by the settings of the instrument. The 
time requi red to collect a signal from a particular location i s one of these sett. ngs. and 
therefore one must compromise among the speed of data collection, the s*e of the sample, 
and the precision of the map of moisture content. 

Fluid was introduced into the sample by a hand-operated syringe connected by a 
flexible plastic tube to the vertical delivery tube machined from the plastic bloclc The des,red 
amountoffluidwasdrawnintothesyringe^ 

andtheotherc.osed;forde»iverytheotherwasopenedandthefimsidec.o S ed.Genera..y.2 5 
mL of fluid was delivered in 1-2 seconds. The fluid supply and syringe operator were pos,t,oned 
2 , approKimateWSmete^OSftlfrom^ 

detector The long flexible plastic delivery tube which connected the synnge to the sample was 
fined with flyi dbeforethee.perimentswerebegun. The fluid usedwasanagueousso.ut.on 

which contained 0.9 percent weight percent NaCI. 1/2 
FIG SAisaCOntourplot of an absorbent structure 15* 15cm x 1.25cm (6*6 x 1/2 
i^obtainedbymagnetlc^sonanceimaging.Thocontoursrepresent 
moisture contents accumulated through the wholeness ateach pos.t.on acro« the span 
after2SmLof0.9wei,rUper^ 

of F.G.3Aisdown the de.ivery axis upon which the fluid insu.t has been del. vered to the target 
ereaofthesurfaceoftheabsorbentstructure. FIG. 3A shows that the maximum relate 
35 moisturecontentis.ocatedatthecenteroftheinsu.tpoint ( whichappearstobesatura W 

Moving.crossth.«nKtureou,ward^ 

successive contours representing progressively .ess reiat.ve moisture content as the d.stance 
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from the insult point is increased. This is precisely what would be expected from a rapid insult 
of fluid. 

FIG. BA shows profiles of relative moisture content at various positions along one 
sideofa 15x I5em x i.25cm (6x6x V2 inch) absorbent structure which has no patch. The 
5 horizontal axis represents distance in cm from the point of insult at 0. The vertical axis is 
arbitrary numerical unitsdirectJy proportional tomoisture. FIG. 8A show* a relatively high 
moisture content in the immediate area surrounding the insult site which then falls off with 
increasing distance from the insult site. 

These results show that MRI is an effective analytical tool for the measurement of 
10 aqueous fluid distribution witNn an absorbent structure. When an absorbent structure in 
scanned repeatedly after a fluid insult at scan times which are short relative to the flow and 
ultimate disposition of the fluid insult the movement overtime of the fluid insult can be 
followed. This information can be used as the basis for inferences related to the various 
distribution mechanisms at work within the absorbent structure after insult by a fluid. 
, 5 FIG. 8D shows the same view as FIG. 8A, but for an absorbent structure of this 

invention, which has a centrally located fluid-impermeable patch. 

Those FlG.s illustrate the distribution of 25 ml of 0.9 weight percent saline 
solution, with and without a fluid-impermeable patch. Without a patch, the fluid was 
distributed over a radially symmetrical area approximately S cm in diameter; the average fluid 
20 concentration in this region is approximately 450 units. With a 5 x 5 cm (2 x 2 inch) patch, the 
same amount of fl uid is distributed over a toroidally-shaped region approximately 7 cm in 
diameter with a 2.5 cm diameter relatively dry region in the middle: the average fluid 
concentration in the ring of wetness wasonly about 150 units with peaks around 300units. 

The effect of two additional insults on each absorbent structure, up to a total of 
25 75 mL in each, were also studied with this MRI method. Even after three insults to the 
absorbent structures, the sample with the patch does not have a "plateau" of saturation as 
extensive (around 450 units) as indicated for the control. This quantifies what a user of such a 
diaper would experience as a drier, more comfortable feel. 

Examination of the final samples showed the absorbent structure without the 
30 patchto be wet on both its surfaces and that with the patch to have the fluid more uniformly 
distributed and much less wet on its surfaces. Both of these simulated diapers were constructed 
with a polypropylene nonwoven on the top (insulted) surface. An additional example utilmng 
no nonwoven material but with the patch showed intermediate performance. It is known that 
thenonwovenmaterialisusefulwhencomparedtosimplefluff. Therefore, we can conclude 
3S thatthepatchisofgreatervaluethanthisliner.butthebestperformancewasshownwhen 

both the liner and the patch were used. 
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WHAT IS CLAIMED IS: 

1. An absorbent structure comprising: 

(A) an absorbent layer having d.mensions of length, width and thickness, the 
absorbent layer having at tea* an upper surface with dimensions of length 
and width, wherein the ratio of length to thickness is from 1 to 1000 and 

the ratio of width to thickness is from i to SCO; and 

(B) a fluid-impermeable patch centrally located adjacent to or covering a part 

of the upper surface of the absorbent layer, the patch having dimensions 

of length, width and thickness, the area of the patch being from 2 to 90 

percent of the area of the upper surface of the absorbent layer. 

10 2 The absorbent structure of Claim 1 wherein the length of the absorbent layer 

i l fromscmto 1 00cm.thewidthoftheabsorbentlayerisfrom2cmto30cmandthethickness 

of the absorbent layer is from 0. 1 cm to S cm. 

3 The absorbent structure of Claim 1 wherein the length of the fluid- 

. 5 impermeable patch is from 3 cm to 90 cm. the width of the fluid-impermeable patch is from 1 
cm to 25 cm and the thickness of the fluid-impermeable patch is from 1 pm to 300 pm. 

4 The absorbent structure of Claim 1 wherein the absorbent layer comprises one 
or more of fluff, superabsorbent po.ymer. cel.u.osic materials, modified cellulose. cellulose 
tissue, meltblown synthetic fibers, polyethylene, polypropylene, polyester, po.yam,de. 

M copolymer of polyester or polyamide. open cell foam, and bicomponem fiber. 

5 The absorbentstructure of Claim 1 wherein the fluid-impermeable patch 
comprises one or more of airlaid or meltblown synthetic fibers including rayon, polyester, 
polyethylene and polypropylene, natural fiber, including cotton and cellulose, a thermoplasfc 
film or resin, tightly woven cloth and latex adhesive. 

6 The absorbentstructureof Claim 1 whereinthe fluid-impermeable patch .» 
produced by imprinting or embossing the absorbent structure with a plastic or resinous 

material. . , 

7 The absorbent structure of Ctaim \ wherein the fluid-impermeable patch 
absorbs or passes less than S percent of a fluid insult within 5 minutes of the onset of the insult. 

8 An absorbentstructure comprising: 

(A) an absorbent layer having dimensions of length, width and thickness, the 
absorbent layer having at least an upper surface with dimensions of length 
and width, wherein the ratio of length to thickness is from 1 to 1000 and 
the ratio of width to thickness is from 1 to 500: 
3s (B) 8 fluid-permeable layer adjacent to the upper surface of the absorbent 

layer; and 

(C) a fluid-impermeable patch centrally located on a part of at least one 
surface of the fluid-permeable layer and havmg dimensions of length, 

■ 16- 
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width and thickness, the area of the patch being from 2 to 90 percent of 
the area of the upper surface of the absorbent layer. 
% The absorbent structure of Qaim 8 wherein the length of the absorbent layer 
is from 5 cm to 1 00 cm. the width of the absorbent layer is from 2 cm to 30 cm and the thickness 
5 of the absorbent layer is from 0. \ cm to 5 cm. 

1 0. The absorbent structure of Claim 8 wherein the length of the fluid- 
impermeable patch is from 3 cm to 90 cm, the width of the fluid-impermeable patch is from 1 
cm to 25 cm and the thickness of the f lutd-impermeabl© patch is from 1 pm to 300 pm. 

1 1 . The absorbent structure of Claim 8 wherein the absorbent layer comprises 

!0 one or more of fluff, superabsorbent polymer, celiulosic materials, modified cellulose, cellulose 
tissue, meltblown synthetic fibers, polyethylene, polypropylene, polyester, poiyamide. 
copolymer of polyester or poiyamide, open cell foam, and bicomponent fiber. 

12. The absorbent structure of Claim 8 wherein the fluid-permeable layer 
comprises one or more of airlaid or meltblown synthetic fibers including rayon, polyester, 

^5 polyethylene and polypropylene, and natural fibers including cotton and cellulose. 

13. The absorbent structure of Claim 8 wherein the fluid-impermeable patch 
comprises one or more of atrlaid or meltblown synthetic fibers including rayon, polyester, 
polyethylene and polypropylene, natural fibers including cotton and cellulose, a thermoplastic 
film or resin, tightly woven cloth and latex adhesive. 

20 14. The absorbent structure of Cairn 8 wherein the fluid-impermeable patch is 

produced by imprinting or embossing the absorbent structure with a plastic or resinous 
material. 

15. The absorbent structure of Claim 8 wherein the fluid-impermeable patch 
absorbs or passes less than 5 percent of a fluid insult within 5 minutes of the onset of the insult. 
25 16. A method for determining the location of aqueous fluid within an absorbent 

structure with the use of magnetic resonance imaging comprising the steps of: 

(A) performing a magnetic resonance imaging scan on the absorbent structure; 

(B) collecting and storing data from the magnetic resonance imaging scan; 

(C) visually displaying the data. 

30 1 7. The method Of Claim 1 6 wherein steps (A) and (B) are performed two or more 

times SO that fluid flow with the absorbent structure may be observed. 
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ON 



5§ (54) Title: ABSORBENT STRUCTURE WITH FLUID-IMPERMEABLE PATCH 
fN 

^ (57) Abstract: This Invention relates to an absorbent structure, preferably containing supcxabsorbent polymer in an absorbent layer, 
and - m particular, to a structure wim a centrally located fluid-impermeable patch which roanccts an insulting fluid around it m a 
^ manner to increase the overall containment efficiency of the structure. The absorbent structure of this Invention i 5 suitable for nse m 
O various absorbent articles and absorbent devices, soch as. for example, disposable diapers, sanitary napkins. Incontinent devices and 
5f gaflacnt^ training garment;, 7t* invention alw> relates to mertods to determine the location of moisture within an absorbent 
structure and to study fluid flow and absorption of aqueous fluid by absorbent structures in real time. 
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AMENDED CLAIMS 

[received by the International Bureau on 2 July 1996 (02.0755); 
original claims t and 4-7 amended; original claims 8-1 7 cancelled; 
remaining claims unchanged (I page)] 

1. An absorbent structure consisting essintiiffyof: 
(A) an absorbent layer hiving dimensions of length, width and thickness, tht 

absorbent layer having at least an upper surface with dimension* of length 
andwidth, wherein the ratio of length to thickness U from 1 to 1000 and 
the ratio of wfdth to thickness Is from 1 to 500; and 
OS) a fluid-impermeable patch 
said patch being character!*** by: (1) being centrally located between the 
absorb* nt layer and an antldpatad source of fluid Insult; (I) having in area of 
from 2 to 90 percent of the area of the upper surface of the absorbent layer; and 
(3) absorbing or passing less than 5 percent of a fluid Insult within 5 minutes of the 
(mutt 

2. The absorbent structure of Claim 1 wherein the length of the absorbent layer 
15 l, from 5 cm to 100 on, the width of the absorbent layer is from 2 cm to 30 cm and the thickness 

of the absorbent layer is from 0-1 an to 5 an. 

3. The absorbent structure of Claim 1 wherein the length of the fluid- 
•Impermeable patch is from 3 on to SO on, the width of thefluid-lrnpermeable patch is from 1 
on to 25 on and the thickness of the fluld^lmparmeable patch is from 1 pm to 300 urn. 

20 4 The absorbent structure of Claim 1 wherein the absorbent layer Is selected 

from the group consisting of fluff, superabsorbent polymer, cellulosic materials, modified 
cellulose, cellulose tissue, meKWown synthetic fibers, polyethylene porypropylena, polyester, 
poiyamlde, copolymer of polyester or por/amide, open cell foam, bkomponent fiber and 
combinations thereof. 

25 5. The absorbent structure of Claim 1 wherein the fliiid-impermeab ie patch is 

selected from the group consisting of airlaid syrrtheticfibers, mehblown synthetic fibers, rayon, 
polyester, polyethylene, polypropylene, natural fibers, cotton, cellulose, thermopiasticfUm, 
thermoplastic resin, tightly woven doth, latex adhesive and combinations thereof. 

& The absorbent structure of Claim 1 wherein the fluld-lmpermeable patch b 
30 produced by imprinting or embossing the absorbent structure with a material selected from 
the group consisting of plastic materials and resinous materials* 

7. The adsorbent structure of Claim 1 which further consists essentially of a flu 
•permeable layer adjacent to the upper surface of the adsorbent layer. 
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